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Abstract 
With relatively high productivity compare to single solar still, multiple effect solar still (MES) could be useful to 
supply water to remote place which can not afford enough budget to install huge scale desalination plant. Since 
MES has panel shape, it might be applicable as part of building surface material, enabling “building integrated 
desalination” (BIDSAL). Since cost of land and installation can be partially compensated by regular construction 
cost of buildings in BIDSAL, MES could be a practical solution for micro solar desalination, if it can be produced in 
low cost. Some preliminary work to make low cost MES was done as well as its outdoor test.    
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1. Introduction 
Reverse osmosis (RO) and multi-stage flash distillation (MSF) would be the most commonly used desalination 
methods in current civilization. Though MSF is a practical solution for mass desalination, it may not be a good way 
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to supply water in small scale, because it requires large instrumentation. Contrary, RO can be applied for both small 
and large scale desalination. However, the cost of investment per unit quantity of desalination would be very much 
increased, for small scale production. [1] Not only that, both methods require electric power or fuel supply. 
Therefore, in many cases, it might not be an economic micro desalination solution for small isolated village, island 
or poor society which cannot invest enough funding for huge water plant. 
 
How much cost should be spent to get "practical solution" for micro desalination? In case of mass-desalination, 
it may cost around $1 (USD) to produce a cubic meter of fresh water with current methods [1,2]. However, by 
including the "opportunity cost", which is the cost if the fuel was exported at international price, Khoshi et al. [3] 
estimated the cost for conventional method can be around $3 (USD) per cubic meter of fresh water production in 
Kingdom of Saudi Arabia (KSA). Although actual cost varies on "scale of production" as well as each user’s 
specific condition, it may be meaningful number, considering that KSA is the world’s largest desalinating country.  
 
Considering the big gap between micro and mass desalination, it would be very hard to beat this cost range, by 
micro desalination. However, if we can do it, at least, with comparable cost, it would be very useful for the small 
scale users who can not afford large instrumentation cost. Distilling sea water with solar heat would be one of the 
oldest and commonly tried alternative way for fresh water production [4]. The process and instrumentation are so 
simple that it could be useful for small scale water user. However, low production efficiency makes it requires huge 
area of solar heat collector for mass-production of fresh water. Therefore, it was commonly regarded as impractical 
solution for mass-supplying water. 
 
It is known that, at the most area in Middle East and North Africa (MENA) has annual solar irradiation higher 
than 2MWh/m2, or 7.2GJ/m2 [5]. Considering that heat of vaporization of water is about 2.3MJ/kg, it can be 
estimated that about 3 ton/yr of fresh water can be obtained by 1m2 of simple solar still for ideal case. However, 
because of energy loss, there was huge gap between reality and ideal case.  
 
To improve this low efficiency, multiple effect solar still (MES) have been studied in many groups[6-8]. In MES, 
water evaporates on the first wick condenses on the condensation surface of second plate, which has second 
evaporating wick on its opposite side. Therefore, the latent heat of condensation can be reused to evaporate the 
water in the second wick. (Fig. 1) By staking multiple layers of the condensation-evaporation plate, the heat of 
condensation can be reused multiple times to increase its efficiency. By stacking 11 layers, Tanaka et al. [6] 
obtained more than 10 litter per m2 per day under sunlight about 20MJ/(m2 day), which is comparable to higher than 
3.5 tons per year.  
 
 
Fig. 1. Concept of multiple effect solar still: Saline water dripping through wick(A, Black) evaporates and condenses on the condensing plate (B, 
White), while concentrated brine drains to waste. The latent heat emitted during the condensation process heat the next wick for evaporation. 
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Suppose if we can make the MES in cost less than $300 (USD) per square meter, and the system can last more 
than 30 years, producing average 10 litter per day. We can produce fresh water in cost of around $3 (USD) per ton, 
which is similar to the fuel cost estimated by Khoshi et al. Table 1 is the example of the target cost of each part per 
square meter of MES to get the total cost of $300.  
Table 1. Example target cost of each part per square meter of MES. 
Item Target Cost  Column B (t) 
Case $50 Box with Glass or polycarbonate window 
Evaporation-condensation Layer (10 layers) $180 Assembly of fabric wick and condensing plate 
Flow controller 
Processing Cost 
Total 
$30 
$40 
$300 
Automatic flow controller 
Labor, Instrumental cost stc. 
 
The system cost may include not only the MES itself, but also the installation cost which include land, labor and 
structure material. This installation cost, especially the land cost, is almost linearly proportional to the size of the 
system. Therefore, if we install many MES in separate bare land, substantial amount of budget would be required.  
 
We can overcome this problem, by installing MES as part of building component. Since MES has panel shape, 
which can be positioned vertically or diagonally, it can be placed on the wall or rooftop. This is similar concept to 
building integrated photovoltaics (BIPV) in solar power generation. Similar to photovoltaic panels in BIPV, MES 
panels may replace concrete or tiles of outdoor structure of buildings, walls or fence facing sunny direction of the 
location.  
 
Cost of land and installation may not make big matter in this "building integrated desalination" (BIDSAL), since 
such cost is already required for making the same structure even without BIDSAL. Only the additional cost is 
required to add water supply and drain line to the structure, which might be partially compensated by the saved cost 
of the building material. 
  
BIDSAL may have many advantages to the conventional desalination process: 
x It can be easily applied for small scale desalination. Therefore, even isolate or poor users can use it as far as they 
have saline water and sunlight. 
x Since it does not use fossil fuel, it may not cause pollution as well as natural resource deficiency. 
x It can be located right next to the water consumer. For example, BIDSAL on house wall may supply water for the 
household. BIDSAL on a road fence may supply water for cultivation along it. Since it could drive "self-
sufficiency-policy of water" to the resident, economical usage of water can be urged to the users easily. 
x Unlikely photovoltaics, it directly uses solar heat. Therefore, energy loss caused by energy conversion is 
minimized.  It can use scattered light as well as direct light. Therefore, dusty surface may not cause severe 
efficiency drop compared to the photovoltaics. This feature may reduce maintenance cost of the system.  
With these advantages, it is worthwhile to develop low cost MES(preferably, below $300 USD per square meter). 
In this paper, recent preliminary activities to develop such system will be introduced. However, current location, 
Seoul, Korea, where the author works, is not preferable place to develop and test MES due to relatively low solar 
irradiation [9]. Future collaboration with groups in more sunny countries may speed up further developing specific 
model which fit the countries' specific climate. 
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2. Experimental 
2.1. Contamination check of the condensing surface from the evaporation wick 
As noted by Tanaka et al. [6] , physical contact between the wick and condensing surface causes contamination 
of fresh water as well as lower down the water distillation efficiency. Wick-condenser layers would be the most 
expensive and core parts in the MES system (Table 1). Since all the work in this paper was done as small scale, 
hand-made manner, actual cost was not same as written on the table 1. However, the raw materials for the 
wick/condenser combined part (hereafter, referred as distilling layer or the layer) would be chosen as not to be 
exceed $18 USD per square meter, for the case of mass production.  This economic material should be rigid enough 
to prevent physical contact between evaporation wick and condensing surface, causing contamination of the 
condensate.  
 
To check if water in the wick contaminates the condensed distilled water, two pieces of the layer were prepared 
as the dimension of 30cm width and 120cm height. (Figure 2) Detailed design of the layer would be opened later, 
but basic structure is same as Figure 2. The layers are stacked and placed on heating surface with temperature 
controller. The gap between two layers were 5mm when the layers were stacked. Maintaining the temperature over 
70 degree Celsius, aqueous NaOH solution with pH higher than 11 (i.e. Hydroxide ion concentration higher than 10-
3 M)  was put into the wick. The condensed water was collected and pH measured to be 6.5, which means hydroxide 
ion concentration is less than 10-7M, a typical pH of distilled water.  
 
 
Fig. 2. Schematic of the water contamination test.: Water runs through wick A, while heated by temperature controlled heating block C. 
Condensed water runs on the condenser surface B. The system was tilted, from vertical position. (0°<θ<45°)  
 
To check stability of the layers with gravitational deformation, the setup above was inclined up to 45 degree 
from the original vertical position. Repeating the above test again and found no contamination.  
2.2. Outdoor Test 
Homemade MES was prepared by stacking 6 layers with dimension of 27cm width and 81cm height (active 
area= 0.219 m2). The gap between each layer was 5mm. For thermal insulation, 10cm polystyrene foam plate was 
stacked on the back side and 1.6cm double layered polycarbonate window was placed on the front side. The panel 
was placed 45 degree tilted from the vertical position, facing south.  
 
Solar irradiation, temperature and water flow rate was measured automatically by computer. A pyranometer was 
placed facing same direction of the MES surface. Four thermocouples were positioned on air, back side of the first 
layer, fourth layers and middle of the back side insulating plate. Two load cells were positioned under the beakers 
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collecting condensed and drained water, to measure the weight of dripped water. All data were collected by a 
computer with one minute interval. To avoid heavy noise in water flow measurement, 15 data points were averaged 
for the flow rate. The experimental setup is shown on figure 3.   
 
 
Fig. 3. Experimental setup for the outdoor test: pyranometer(A), water tank(B),  multi effect solar still (C), thermocouples (D) and flow 
measuring load cells (E)   
 
Figure 4 represents the solar irradiation and the temperatures with the system measured at Seoul, Korea, on May 
29th, 2014. Since each layers were cooled by evaporating water, it takes some time to heat up the each layers by 
solar heat. Therefore, there is some right shift of the layer surface temperature graph from the solar irradiance graph.  
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Fig. 4 Irradiance (thick black line, right axis) and temperatures (thin lines, left axis) of ambient (black), inside of back insulating plate (dark 
green), back side of the 4th layer (blue) and backside of the first layer (red)    
 
Adding proper amount of water is very important to operate the system properly. Deficient feeding may cause 
drought of evaporation wick, lowering the efficiency and failure of the system. Too much feeding may cause loss of 
heat so that large portion of water drained out even before evaporation occurs.  Tanaka et al. [6,8] suggested around 
1.6~2 for optimum feeding rate to evaporation rate ratio. In other words, the ratio of drain to the condensate should 
be in the range of 0.6~1. For proper water feeding, automatic flow controller was initially planned for the MES 
system. However, unfortunately, it was not ready at the time of measurement. Therefore, water was supplied under 
manual control, which was not very successful. Figure 5 represents the flow rate (gram per minute) of drain water 
and condensate water overlapped with the solar irradiation. As shown at the figure, too small amount of water ran 
through the wick around 10 am to 11 am. Contrary, too much water ran around noon. As shown on the figure, the 
ratio was maintained in such range between 12:20 to 14:50. (Average ratio of drain to the condensate was 0.81.) 
Therefore, performance of the system was calculated only within this period. Total solar energy on the active area 
during the period was calculated to be 1.38MJ by integrating the irradiation curve (6.31MJ/m2) multiplied by the 
active area (0.219m2). During the period, the MES system produced 283g of fresh water. Therefore, performance of 
205g/MJ was calculated. In other word, under condition of 20MJ/m2/day, the system may produce about 4.1 litters 
per square meter daily. This is less than half of the expected value (more than 10 litter per square meter daily) 
described on above introduction. However, considering that this is a preliminary test, and we used MES with only 6 
layers on current measurement instead of 10, there would be some room for further improvement.   
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Fig. 5. Irradiance (thick black line, right axis) and flow rates (thin lines, left axis) of drained water (black) and condensed water (red)  
 
3. Conclusion and Future Work 
Concept and advantages of building integrated desalination (BIDSAL) was proposed. It can be a practical 
solution to supply fresh water to isolate societies which can not afford huge budget of mass-desalination plant. Low 
cost multiple effect solar still (MES) could be a plausible way to realize BIDSAL. Some primitive test was done for 
the MES system. Further improvement on performance and cost down would be developed and tested soon. Since 
each water deficient country has its own specific environmental condition as well as specific social and economic 
requirements of water desalination, collaboration with researchers in such countries would be helpful to speed up the 
development.  
Actual field test with improved prototypes in such countries should be done in future. Amount of water production 
as well as quality of the water should be analyzed in actual test bed to check its edibility.     
 
Before closing this report, I'd like to mention that, the pronunciation "BIDSAL" in Korean language means "ray 
of light", which is frequently used as metaphor of "hope" in many Korean poems. 
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